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(54) UQUID CRYSTAL DISPLAY DEVICE, METHOD OF ITS DRIVING AND METHODS OF ITS 
INSPECTION 



(57) Using technology which uses a single shift reg- 
ister and simultaneously generates multiple pulses, this 
invention is a liquid crystal display device which rapidly 
drives data lines. K is possible to increase the frequency 
of the shift register output signal without changing the 
frequency of the shift register operation clock. If the shift 
register output signals, by means of analog switches, 
are used to determine the video signal sampling timing, 
high speed data line driving can be realized. Addition- 
ally, if the output signals of the shift register mentioned 

F/G. 2 



above are used to determine the video signal latch tim- 
ing in a digital driver, high speed latching of the video 
signal can be realized. Consequently, even if the driving 
circuits of the liquid crystal display matrix are composed 
of TFTs, high speed operation of the driving circuits is 
possible without increasing power consumption. The 
shift register can also be used to inspect the electrical 
characteristics of the data lines and analog switches. 
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Description 

Field of Technology 

This invention pertains to a liquid crystal display s 
device, driving methods for liquid crystal display 
devices, inspection methods for electrical properties of 
liquid crystal display devices; and, in particular, liquid 
crystal display devices such as those in which transis- 
tors are formed on a liquid crystal matrix substrate for 10 
the purpose of driving a liquid crystal matrix. 

Background Technology 

In an active matrix liquid crystal display device is 
using thin film transistors (abbreviated as TFTs in the 
remainder of this document) as the switching elements, 
if it is possible to form the active matrix driving circuits 
from TFTs and fabricate those TFTs at the same time 
as the picture element (pixel) TFTs on the active matrix 20 
substrate, the need to provide driver ICs is removed; 
and this is convenient 

Compared to transistors integrated on single crys- 
talline silicon, however, the operating speed of TFTs is 
slow and there is a definite limit to the increase in driving 25 
circuit speed attainable. Additionally, if the driving cir- 
cuits are made to operate at high speeds, the power 
consumption will increase by that much more. 

As examples of technology for operating driving cir- 
cuits of liquid crystal display devices at high speed, 30 
there are the technology disclosed in JP-A-61 -32093 
and the technology disclosed on pages 609-612 of the 
SID Digest (1992). 

In the technology described in JP-A-61 -32093, the 
driving circuits are composed of multiple shift registers 35 
and, by driving each shift register by clocks with slightly 
different phases, the effective operating frequency of 
the shift registers is increased. 

In the SID Digest (1992), pages 609-612, a technol- 
ogy is shown in which multiple analog switches are 40 
driven collectively by a single output of a timing control 
circuit and the video signal is written in parallel. 

As examples of technology striving for reduced 
power consumption in driving circuits, there is the tech- 
nology contained in JP-A-61 -32093. This technology 45 
achieves reduced power consumption by dividing the 
driving circuits into multiple blocks and operating only 
blocks which must be used while keeping all other 
blocks out of operation. 

When actually implementing the technology so 
described in JP-A-61 -32093, however, it is necessary to 
provide multiple clocks with differing phases which 
leads to increased complexity of the circuit configura- 
tions and an increase in the number of terminals. 

Further, in the technology described in the SID ss 
Digest (1992), pages 609-612, because multiple analog 
switches are driven collectively, the load is heavy and it 
is necessary to provide a buffer which can drive a heavy 
load. Additionally, because of delays in the driving sig- 



nals, it is easy for deviations to occur in the driving tim- 
ing of each analog switch. 

In the technology of JP-A-61 -32093, a control cir- 
cuit is necessary in order to selectively operate the 
divided blocks; and this leads to increased complexity of 
the circuitry. Additionally, this technology does not con- 
tribute at all to increasing the speed of the driving cir- 
cuits. 

Furthermore, when the driving circuits of the prior 
art described above are composed of TFTs, the circuits 
become complex in all cases; and the accurate, fast 
inspection of the circuits' electrical characteristics is dif- 
ficult such that there are problems in the evaluation of 
reliability. 

Pescription of the Invention 

The present invention has taken the problems of 
the prior art described above into consideration. The 
purpose is to provide a novel liquid crystal display 
device and associated driving methods which allow high 
speed operation, a certain degree of reduction in power 
consumption, and ease of inspection. 

In one mode of the liquid crystal display device of 
the present invention, multiple pulses are generated 
simultaneously using a single shift register. 

Consequently, the frequency of the shift register 
output signal can be increased without changing the fre- 
quency of the shift register operation clock. When the 
number of simultaneously generated pulses is N (N is a 
natural number of two or greater), the frequency of the 
output signal of the shift register becomes N-times. 

If the shift register output signals mentioned above 
are used to determine the sampling timing of the video 
signal in an analog driver, high speed data line driving 
can be realized. Also, if the shift register output signals 
mentioned above are used to determine the latch timing 
of the video signal in a digital driver, high speed latching 
of the video signal can be realized. Consequently, high 
speed operation of the driving circuits is possible with- 
out increasing power consumption even when the driv- 
ing circuits of the liquid crystal matrix are composed of 
TFTs. 

In the simultaneous generation of multiple pulses 
using a single shift register, it is good if a stationary 
state such as that obtained when, for example, a single 
unipolar pulse is input to the shift register input terminal 
after one horizontal period of the video signal, waiting 
for the passage of at least (N-1) horizontal periods and 
N »mutually spaced, parallel pulses are output from the 
output terminals of each stage of the shift register. 

In another mode of the liquid crystal display device 
of the present invention, gate circuits are added to the 
single shift register with the output signals of the shift 
register input to the gate circuits, and the output signals 
of the gate circuits used as timing control signals of the 
circuits composing the data line driving circuits. For 
example, the output signals of the gate circuits can be 
used as timing signals to determine the sampling timing 
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of the video signal in an analog driver or can be used as 
timing signals to determine the latch timing of the video 
signal in a digital driver. 

For example, if an EXCLUSIVE-OR gate is used as 
the gate circuit and the output of adjacent stages of the 
shift register are input into the EXCLUSIVE-OR gate, 
and a clock which has a period equal to two horizontal 
periods of the video signal is input to the shift register, 
the number of clock level changes in one horizontal 
period are reduced and further reduction in power con- 
sumption is possible. 

In another mode of the liquid crystal display device 
of the present invention, by making the most use of a 
single shift register, a configuration which can perform 
electrical inspection of a liquid crystal matrix is 
achieved. For example, an input circuit for a testing sig- 
nal is connected to one end of the data lines and video 
signal input lines are connected to the other ends of the 
data lines through analog switches. 

Using the inspection signal input circuit, the inspec- 
tion signals are input collectively to the data lines. Main- 
taining such an input, single pulses are output 
successively from the single shift register and these 
pulses are used to successively turn on multiple analog 
switches. The electrical characteristics of the data lines 
and analog switches can be inspected by receiving the 
inspection signals sent from one end of said data lines 
by way of the analog switches and the video signal input 
lines. For example, it is possible to accurately and 
quickly detect such things as frequency characteristics 
of data lines and analog switches as well as data line 
open circuits. 

Brief Explanation of the Figures 

Fig. 1A shows the overall configuration of an 
example of a liquid crystal display device of 
the present invention, and Fig. 1 B shows 
the configuration of the pixel region. 



Fig. 2 is to explain the features of the example 
shown in Fig. 1 . 

Fig. 3 is a more specific circuit diagram of the cir- 
cuit configuration shown in Fig. 2. 

Fig. 4A shows the arrangement of the original 
image data, and Fig. 4B shows an example 
of the data arrangement when the original 
image data have been arranged in a time 
series according to the methods of the 
present invention. 

Fig. 5 shows an example of the circuit configura- 
tion for processing an analog signal into a 
multiplexed signal as shown in Fig. 4B. 

Fig. 6 is to explain the major operation of the cir- 
cuits in Fig. 5. 



Fig. 7 shows an example of the circuit configura- 
tion for processing a digital signal into a 
multiplexed signal as shown in Fig. 4B. 

Fig. 8 shows an example of the configuration of 
liquid crystal matrix driving circuits for the 
digital fine-sequential method. 

Fig. 9 is a timing chart showing the operation tim- 
io ing of the circuits shown in Fig. 1 A, Fig. 2, 

and Fig. 3. 

Fig. 10 is a timing chart showing the output timing 
for the output signal of analog switch 261 
15 shown in Fig. 1A, Fig. 2, and Fig. 3. 

Fig. 11A shows the circuit configuration of a com- 
parison example, and Fig. 1 1 B is the signal 
waveform showing the problem points of 
20 the circuit in Fig. 1 1 A. 

Fig. 12A shows the essential part of the liquid crys- 
tal display device of the present invention 
shown in Figs. 1 through 3, and Fig. 12B is 
25 a signal waveform showing the advantage 

of the circuit of Fig. 1 2A. 

Fig. 13A shows the configuration of the essential 
part of another example of a liquid crystal 
30 display device of the present invention, and 

Fig. 13B is a timing chart to explain an 
example of the operation of the circuit in 
Fig. 13A. 

35 Fig. 14 is timing chart for another example of the 
operation of the circuit shown in Fig. 13A. 

Fig. 15 shows the overall configuration of another 
example of a liquid crystal display device of 
40 the present invention. 

Fig. 1 6A shows the arrangement of the data lines in 
the circuit of Fig. 15; Fig. 16B shows the 
normal operation of the driving circuits of 
45 the present invention; and Fig. 16C shows 

an example of the operation during defect 
inspection of the driving circuit of Fig. 16B. 

Fig. 17 is a timing chart to explain more specif i- 
so cally the operation of the driving circuits of 

the present invention shown in Fig. 16C 
during defect inspection. 

Fig. 18A shows the configuration of the essential 
55 part of the driving circuits of the present 

invention, and Fig. 18B shows an example 
of the operation of the circuit of Fig. 18A 
during defect inspection. 
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Fig. 19A 



Fig. 20 



Fig. 21 



Fig. 22A 



shows the configuration of the essential 
part of the driving circuits of the present 
invention, and Fig. 19B is a timing chart 
showing an example of the normal opera- 
tion of the driving circuit of Fig. 1 9A. 5 

shows the configuration of another exam- 
ple of a liquid crystal display device of the 
present invention. 



shows an oblique projection of the struc- 
ture of a liquid crystal display device. 

through Fig. 22E show an example of the 
fabrication process for simultaneously 
forming TFTs for the driver region and the 
active matrix region with the device cross- 
section shown for each process. 



Fig. 23A 



Fig. 24A 



Fig. 25A 



shows an example of the configuration of 
an analog switch; and Fig. 25B shows the 
configuration of an analog driver. 
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15 



20 



shows the voltage-current characteristics 
for p-channel and n-channel TFTs; Fig. 
23B shows the circuit diagram of a buffer 
circuit using p-channel TFTs and n-chan- 
nel TFTs; and Fig. 23C shows input and 
output waveforms for the circuit of Fig. 23B. zs 

shows a NAND gate using p-channel and 
n-channel TFTs; Fig. 24B shows input and 
output waveforms for the circuit of Fig. 24A; 
Fig. 24C shows an EXCLUSIVE-OR gate 30 
using p-channel and n-channel TFTs; and 
Fig. 24D shows input and output wave- 
forms for the circuit of Fig. 24C. 
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The Best Systems for implementing the Invention 

Using specific examples of the present invention, 
the contents of the present invention will be described in 
more detail below. 

Example 1 

Overall Configuration 



Figure 1 A shows the configuration of an example of 
a liquid crystal display device of the present invention, so 
and Figure 1B shows the configuration of the pixel 
region of an active matrix liquid crystal display device. 

This is an example of a liquid crystal display device 
employing data line driving using analog switches 
(switch circuits). ss 

Further, in this example, TFTs are used as the tran- 
sistors composing the data line driving circuit These 
TFTs are fabricated on the substrate at the same time 
as the switching TFTs in the pixel region. The fabrica- 



tion process will be described later. 

A single pixel in pixel region (active matrix) 300 is 
composed of switching TFT 350 and liquid crystal ele- 
ment 370 as shown in Figure 1B. The gate of TFT 350 
is connected to scan line L(k) and the source (drain) is 
connected to data line D(k). 

Scan lines L(k) are driven by scan line driving circuit 
100 shown in Figure 1 A, and data lines D(K) are driven 
by data line driving circuit 200 shown in Figure 1 A. 

Data line driving circuit 200 contains shift register 
220 having at least as many stages as the number of 
data lines, gate circuit 240, and multiple analog 
switches 261 which are connected to N (in this example, 
four) video image lines (S1 to S4). 

The use of N video image lines (S1 to S4) means 
that the video signal is multiplexed with a degree of mul- 
tiplexing of N. 

Every M switches, where M is any number (M is 4 in 
this example), of the multiple analog switches are 
grouped; and the total number of groups is equal to the 
total number of video signal lines (that is, N). In other 
words, in this example four analog switches are in one 
group; and all analog switches in a group are connected 
in common to the same video image line. 

In Figure 1 A, V1. V2, V3, and V4 indicate the multi- 
plexed video signal; SP indicates the start pulse input 
into shift register 220; and CL1 and nCL1 indicate oper- 
ation clocks. CL1 and nCL1 are pulses with phases 
shifted by 1 80 degrees with respect to each other. In the 
explanations that follow, in other pulse signals, clocks 
which have been phase-shifted by 1 80 degrees are indi- 
cated by a prefix "n". Also, a digital signal of "1" corre- 
sponds to a positive pulse and a digital signal of N 0 M 
corresponds to a negative pulse. 

the meaning of the multiplexing of the video image 
is shown in Figure 4B. As shown in Figure 4A, if a video 
signal ranging from 1 to 16 is taken as an example, nor- 
mally each signal would be arranged in a time sequen- 
tial order. 

When the signal is multiplexed to a degree of four 
as in the present example, however, at time t1 , individ- 
ual signals 1, 5, 9, and 13 appear simultaneously in 
video signals V1 to V4 as shown in Figure 4B. Subse- 
quently, at time t2, individual signals 2, 6, 10, and 14 
appear simultaneously in the same way. At time t3, indi- 
vidual signals 3, 7, 11, and 15 appear simultaneously; 
and at time t4 individual signals 4, 8, 12, and 16 appear 
simultaneously. 

The video signal multiplexing is possible, for exam- 
ple, by successively delaying the video signal by small 
amounts to make multiple video signals with slightly dif- 
ferent phases as shown in Figure 6. Such video signal 
delay can be achieved, for example, by using a delay 
circuit such as delay circuit 1200 shown in Figure 5. 
Delay circuit 1200 is composed of four delay circuits 
1202 to 1 207 with identical amounts of delay connected 
in series. The output of each delay circuit is supplied to 
data line driving circuit 200. In Figure 5, reference 
number 1000 is an analog video signal generator; and 
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reference number 11 00 is a timing controller. 

In the present example, an increase in data line 
driving speed is achieved by multiplexing the video sig- 
nal in the manner mentioned above, while simultane- 
ously generating with a single shift register the number s 
of pulses corresponding to the degree of multiplexing, 
simultaneously driving multiple analog switches, and 
simultaneously supplying the video signal to multiple 
data fines. 

As shown in Figure 21 , the actual liquid crystal dis- 10 
play device is formed by the combination of the active 
matrix substrate 3100 and the counter substrate 3000. 
The liquid crystal is injected between the two sub- 
strates. 

Specific Configuration of the Data Line Driving Circuit 

In this example, there are special characteristics in 
the operation of the data line driving circuit 200 and 
these will be explained specifically below. so 

As shown in Figure 2, in this example, in shift regis- 
ter 220, multiple uniformly spaced positive pulses (a sin- 
gle pulse corresponds to data "1") are simultaneously 
shifted; and, corresponding to these, multiple mutually 
spaced pulses are output in parallel from each stage of 2$ 
the shift register. The number of parallel pulses is equiv- 
alent to the degree of multiplexing N of the video signal 
described above. In this example then, there are four. 

These pulses are used to determine the operation 
timing of the analog switches 261 . Specifically, these 30 
pulses are input into gate circuit 240; and mutually 
spaced, multiple parallel pulses are output from the out- 
put terminals (OUT1 to OUT(NxM)) of gate circuit 240. 

Then, in this example, these pulses output from 
gate circuit 240 are used to determine the sampling tim- 35 
ing of the video signal by means of the analog switches. 

Gate circuit 240 is used for waveform shaping. TTiat 
is, there are differences in the voltage-current charac- 
teristics of p-channel and n-channel TFTs as shown in 
Figure 23A. Therefore, if buffers such as those shown in t 4o 
Figure 23B using these TFTs as output stage transis- 
tors are constructed, the output waveform will dull with 
respect to the input waveform as shown in Figure 23 C, 
thereby introducing signal delay. In order to control such 
delay, it is desirable to provide gate circuit 240. It is not 45 
absolutely essential, however, and direct driving of ana- 
log switches 261 by the shift register output signal is 
also possible. 

A more specific circuit configuration of data fine 
driving circuit 200 is shown in Figure 3. As is shown so 
clearly in Figure 3. analog switch 261 is comprised of 
MOS transistor 410. Additionally, reference number 412 
denotes the capacitance of the data line itself (called 
data line capacitance from hereon). 

A single stage of shift register 220 (reference ss 
number 500) is comprised of inverter 504 and clocked 
inverters 502 and 506. 

Gate circuit 240 has dual input NAND gates 241 to 
246 which receive as inputs the outputs from two adja- 



cent stages of the shift register. 
Explanation of Circuit Operation 

Next, the operation of the circuit shown in Figure 3 
will be explained in detail using Figure 9 and Figure 10. 
Figure 9 shows the initial stages of operation prior to the 
time at which the four parallel pulses from shift register 
220 are output steadily (that condition is shown in Fig- 
ure 10). 

In Figure 9, a through g display the signal wave- 
forms at the output terminals, shown in Figure 3, of each 
stage of shift register 220; and OUT1 through OUT6 dis- 
play the output signal waveforms of each of the NAND 
gates 241 to 246 also shown in Figure 3. GP is the 
select pulse for a single scan line; and H 1st indicates the 
first select period while H 2nC | indicates the second select 
period. Also, as explained above, CL1 and nCL1 are the 
operation clocks; and SP is the start pulse. The same 
definitions apply to Figure 1 0. 

As shown in Figure 9, when a single start pulse 
(SF) is sequentially input to shift register 200 in the first 
select period (H 1st ), a single pulse corresponding to this 
input pulse is output from each stage of shift register 
220, and this pulse is sequentially shifted. In response, 
a single pulse is sequentially output from each of NAND 
gates 241 through 246. 

This type of operation is repeated; and, as shown in 
Figure 10, at the beginning of the fourth select period 
H 4th (time t2), for the first time, four pulses are output 
simultaneously from the gate circuit 240 (OUT1, 
OUT11, OUT21, OUT31). Thereafter, each pulse runs 
parallel in the same direction while maintaining mutual 
spacing and a state in which four pulses are simultane- 
ously output is steadily realized. 

By means of four simultaneously output pulses 
obtained as described above, the MOS transistors com- 
posing each analog switch 261 are turned on simultane- 
ously, the multiplexed video signal is simultaneously 
sampled, and the video signal is simultaneously sup- 
plied to the corresponding four data lines. 

In other words, when a pulse is input, MOS transis- 
tors 410 turn on, data lines (D(n)) and video signal lines 
(S1 to S4) are electrically connected, and the analog 
signal is written to the data line capacitance 412. Then, 
when MOS transistors 410 are turned off, the written 
signal is held in data line capacitances 412. Data line 
capacitance 412 functions as a holding capacitor. 

Because the data line drivers are composed only of 
analog switches, the circuit configuration is simple and it 
is possible to increase the degree of integration. Addi- 
tionally, it is possible to accurately sample the video sig- 
nal. In the case of relatively small liquid crystal panels, it 
is possible to adequately drive the data lines using a 
driver having only analog switches as in this example. 

In the manner described above, in this example, 
first, multiple pulses are generated simultaneously 
using a single shift register. Consequently, it is possible 
to increase the frequency of the shift register output stg- 
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nals without changing the frequency of the shift regis- 
ter's operation clock. When the number of 
simultaneously generated pulses is N (N is a natural 
number of two or greater), the frequency of the shift reg- 
ister output signal becomes N-times. $ 

Then, by using each output signal of the shift regis- 
ter to determine the sampling timing of the video signal 
by the analog switches, high speed data line driving is 
realized. As a result high speed data line driving is pos- 
sible without increasing power consumption even when io 
the liquid crystal matrix driving circuits are composed of 
TFTs. 

It is also possible to use analog switches comprised 
of CMOS as shown in Figure 25A as well as those com- 
prised of single MOS transistors. CMOS switches are is 
comprised of MOS transistors 414 and 416 and inverter 
418. 

It is also possible to use analog drivers such as 
shown in Figure 25B as data fine drivers. Analog drivers 
are composed of a sample and hold circuit containing 20 
MOS transistor 440 and holding capacitor 420 and a 
buffer circuit (voltage follower) 400. 

This example has unique effects as described 
below. In the following, this example will be compared 
with a comparison example and the unique effects 2s 
described. 

Comparison Example 

Figure 1 1 A shows the configuration of the data line so 
driving circuit of a comparison example, and Figure 1 1 B 
illustrates the problem points of the configuration in Fig- 
ure 11 A. 

In the comparison example of Figure 1 1 A, there are 
multiple shift registers (SR) and gate circuits (222 to 35 
226, 242 to 246); and start pulses are supplied individu- 
ally to each shift register. It is necessary for the input of 
the start pulses to the shift register to pass through spe- 
cial wiring S10. 

In this case, start pulse input wire S10 intersects 40 
wire S20 used to input the operation clocks CL1 and 
nCL1 to each of the shift registers 222, 224, and 226. 
The result is the superposition of noise on the start 
pulse as shown in Figure 1 1 B. The length of start pulse 
input wire S10 is at least on the order of 10 M-m, and 45 
consequently is a major obstacle to miniaturization. 
Additionally, the start pulse is delayed by the wiring 
resistance; and there is the danger that there will be dif- 
ferences in the input timing to each shift register. 

In contrast, in the data line driving circuit of the so 
present example, as shown in Figure 12A, if the start 
pulse (SP) is input at the left side of the single shift reg- 
ister 220 with the desired timing, special start pulse wir- 
ing is not necessary. As a result, in this example, there 
is no superposition of noise on the start pulse as shown ss 
in Figure 1 1 B, and a reduction in layout area can be 
achieved. Also, because multiple pulses are generated 
by a single shift register, there is no delay in the start 
pulse. 



In such a fashion, according to this invention, it is 
possible to achieve both miniaturization of the circuits 
and decrease in the frequency of the shift register oper- 
ation clocks. Consequently, for example, both high 
speed and accurate operation can be insured even 
when TFTs made using a low temperature process are 
used as the TFTs composing the data line driving cir- 
cuit Therefore, if the present example is employed, it is 
possible to improve the performance of liquid crystal 
display devices having driving circuits composed of 
TFTs. 

TFT Manufacturing Process 

Figures 22A through 22E show one example of the 
manufacturing process (low temperature process) when 
the driver TFTs and the active matrix (pixel) TFTs are 
formed simultaneously on the substrate. The TFTs pro- 
duced by this manufacturing process use polysilicon 
and have an LDD (lightly doped drain) structure. 

First, insulating layer 41 00 is formed on top of glass 
substrate 4000. Following the formation of polysilicon 
islands (4200a, 4200b, 4200c) on top of insulating layer 
4100, gate oxide layer 4300 is formed over the entire 
surface (Figure 22A). 

Next, after forming gate electrodes 4400a, 4400b, 
and 4400c, mask material layers 4500a and 4500b are 
formed. Next, boron is ion implanted to a high concen- 
tration and p-type source and drain regions 4702 are 
formed (Figure 22b). 

Mask material layers 4500a and 4500b are then 
removed, phosphorous is ion implanted and n-type 
source and drain regions 4700 and 4900 are formed 
(Figure 22C). 

After mask material layers 4800a and 4800b are 
formed, phosphorous is ion implanted (Figure 22D). 

Interlayer dielectric layer 5000; metal electrodes 
5001, 5002, 5004, 5006, 5008; and final passivation 
layer 6000 are formed to complete the device. 

Example 2 

The present invention is applicable not only to data 
line driving circuits using analog drivers but also to data 
line driving circuits using digital drivers. 

Figure 8 shows an example of the configuration of a 
line sequential driving data line driving circuit using dig- 
ital drivers. 

The special features of the configuration of this cir- 
cuit include first latch 1500 which takes in the digital 
video signal (Via to V1d) and stores it temporarily, sec- 
ond latch 1510 which collectively takes in each data bit 
from first latch 1500 and stores it temporarily, and D/A 
converter 1600 which simultaneously converts every 
digital data bit from second latch 1510 into an analog 
signal and simultaneously drives all the data lines. 

The technology shown in the first example above is 
also applicable to the handling of the digital video signal 
(Via to V1d) in first latch 1500 in circuits using digital 
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drivers as described above. In other words, by multi- 
plexing the digital video signal (Via to V1d) and, further, 
simultaneously generating multiple pulses from a single 
shift register and then using these pulses to latch in par- 
allel multiple data of the digital video signal, it is possible 5 
to increase the latch speed of the digital video signal 
without increasing the frequency of the shift register 
operation clocks. 

The multiplexing of the digital video signal can be 
realized, for example, by data recomposition circuit 10 
1270 shown in Figure 7. In Figure 7, reference number 
1000 indicates an analog video signal generator; refer- 
ence number 1250 indicates an A/D converter circuit; 
reference number 1260 indicates a ^-correction ROM; 
and reference number 1110 indicates a timing control- is 
ler. 

The present invention is not limited to line sequen- 
tial driving digital drivers, but is also can be applicable to 
point sequential driving digital drivers. 

20 

Example 3 

The special features of the third exarrple of the 
present invention are shown in Figures 19A and 19B. In 
the first example, gate circuit 240 was composed of 25 
NAND gates (Figure 3); but in this example, gate circuit 
240 is composed of EXCLUSIVE-OR gates 251. 
EXCLUSIVE-OR gates 251 take as inputs the outputs 
from two adjacent stages of the shift register (a, b ...) 
and output pulses (X, Y, Z ...) used to determine the 30 
sampling timing of the video signal. 

The advantages of using EXCLUSIVE-OR gates 
251 are that it is possible to reduce power consumption 
if one period of the start pulse (SP) is made equal to 
twice the select period, and it is possible to avoid the 35 
spread of the pulse width since the trailing edge of the 
output pulse becomes sharp. 

That is, as shown in Figure 3, when one period of 
the start pulse (SP) is twice the select period, along with 
the parallel output of pulses as a result of the circuit 40 
operation similar to that shown in Figure 9. the number 
of level changes of the output (a t b...) of each stage of 
the shift register in one select period is half when com- 
pared tot he type of operation shown in Figure 9. 

In other words, as shown in Figure 1 9B, there is one 45 
signal level change within one select period (1H) at 
point b in Figure 19A. That is, in one select period (1 H), 
there is only one positive edge R3. 

In contrast, in the circuit operation shown in Figure 
9, the signal level at point b changes twice within one so 
select period (1 H). In one select period (1 H), there are 
both positive edge R1 and negative edge R2. Conse- 
quently, in comparison to the case of Figure 9, the 
number of signal level changes for the case of Figure 1 9 
is reduced by half; and, accompanying this, the power 55 
consumption is reduced to about half. 

Also, as shown in Figure 24B, in contrast to the 
case of a two input NAND gate (shown in Figure 24A) in 
which the output pulse width (T1) is determined by the 



positive edge for one input and the negative edge for the 
other input, in the case of a two input EXCLUSIVE-OR 
gate (Figure 24C), the output pulse width (T2) is deter- 
mined by positive edges for both inputs. Because of this, 
the trailing edge of the output pulse becomes sharp; 
and spread of the pulse width can be prevented. 

Example 4 

Figure 13 shows the configuration of the essential 
component of a fourth example of the present invention. 

The special feature of this example is that the gate 
circuit 240 of Figure 1 is composed of NAND gates 
(241 , 242, 243, 244...) which take as inputs the output of 
a respective shift register stage and an output enable 
signal (E, nE). 

By means of the control afforded by the output ena- 
ble signals (E, nE), the shift register output level and the 
gate circuit output level are independent and possible to 
control. By making use of this special feature, while the 
circuit is in operation, it is possible to both temporarily 
interrupt the generation of pulses from the NAND gates 
(241 , 242, 243, 244...) and resume the pulse generation 
after terminating the interruption. 

For example, in Figure 13B, consider the cessation 
of NAND gate (241, 242, 243, 244...) pulse generation 
from time t4 to t6 (period TS1) and the resumption of 
pulse generation at time t6. 

This type of operation can be achieved by stopping 
operation clocks CL1 and nCL1 during period TS1 ; and, 
on the other hand, fixing the output enable signal (E) at 
low level from time t4 to time t5, and then resuming the 
variation to that of the same period as the operation 
clock at time t5. It is sufficient if output enable signal 
(nE) resumes to that of the same period as the opera- 
tion clocks at time t6. 

This type of pulse generation interruption technol- 
ogy can be used, for example, to prevent video signal 
sampling during the horizontal banking period (BL). 

Figure 14 shows the interruption of gate circuit 
pulse generation during the horizontal banking period 
(times t12 to t13) in an actual circuit. In Figure 14, for 
example, 157 indicates the output of stage 157 of the 
single shift register and OUT1 59 indicates the output of 
the 159th NAND gate. 

As shown clearly in Figure 14, in order to stop the 
generation of pulses from the gate circuit during the hor- 
izontal banking period (time t12 to ti3), it is necessary 
to stop the operation clocks (CL1 , nCLI) and the enable 
singles (n, nE) between times t1 and t4. 

Example 5 

The liquid crystal display device shown in Figure 1 
is also suitable for inspecting the electrical characteris- 
tics of the data lines and other components. That is, as 
shown in the top of Figure 15, by providing inspection 
signal input circuit 2000, it is possible to accurately and 
quickly detect such things as data line and analog 
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switch frequency characteristics and data line open cir- 
cuits. 

In Figure 15, inspection signal input circuit 2000 is 
connected to one end of the data lines, and video signal 
input line S1 is connected to the other end of the data s 
lines via analog switch 261 . In Figure 15, TG represents 
the test enable signal; and TC represents the supply 
voltage, inspection is performed as described below. 

First, the test enable signal TG is activated; and the 
supply voltage (inspection voltage) is collectively sup- 10 
plied to each data line. 

Under such an applied voltage state, a single pulse 
is sequentially output from the single shift register. 
When this is done, single pulses are output from gate 
circuit 240. By means of these pulses, the analog is 
switches are turned on sequentially. As a result, the volt- 
age supplied to one end of the data lines can be 
received through analog switches 261 and video signal 
input line S1. It is thus possible to inspect the electrical 
characteristics of the data lines and the analog 20 
switches. 

In this example, the generation of single, sequential 
pulses from the single shift register is necessary. In 
other words, the data lines are arranged as shown in 
Figure 16 A. In the previous examples, simultaneous 25 
driving of multiple data lines was employed as shown in 
Figure 16B; but in the present example, it is necessary 
to switch to a driving method in which each line is 
scanned sequentially as shown in Figure 16C. 

This type of switch can be easily accomplished by 30 
changing the input method for the start pulse as shown 
in Figure 17. In other words, as shown in Figure 17, a 
single start pulse (SP) is input at the beginning of the 
first select period (H 1sl ). If that pulse is shifted across all 
of the output stages, single pulses are sequentially gen- 35 
erated; and, if a single start pulse (SP) is input after 
each select period, it is possible to simultaneously gen- 
erate multiple pulses as shown in Figure 10. 

By sequentially generating single pulses from a sin- 
gle shift register, it is possible to check the electrical 40 
characteristics of each line; and inspection becomes 
simple. 

Further, when the configuration of Figure 18A is 
used, if shift register operation clocks CL1 and nCL1 are 
stopped during a fixed period (TS3), only the NAND 45 
gate output (OUT1) is at high level during that period as 
shown in Figure 18B. Consequently, only the corre- 
sponding analog switch will be on; and it is possible to 
thoroughly inspect just the first data line. 

In Figure 20, instead of the special inspection signal so 
input circuit 2000, it is possible to provide fine sequential 
digital driver 214 (having the same configuration as that 
of Figure 8). In this case, in addition to operation as a 
true data line driver, digital driver 214 also functions as 
an inspection signal input circuit. ss 

In the configuration of Figure 20, both data line driv- 
ing based on an analog video signal and data line driv- 
ing based on a digital video signal are possible. 

If the liquid crystal display device described above 



is used as a display device in equipment such as per- 
sonal computers, the product value increases. 

Claims 

1 . A liquid crystal display device having 

a liquid crystal display matrix comprised of indi- 
vidual pixels at the intersections of scan lines 
and data lines, 

a scan line driving circuit to drive said scan 
lines, and 

a data line driving circuit to drive said data 
lines, said data line driving circuit including a 
single shift register having at least as many 
stages as the number of said data lines; 

characterized by, in said single shift register, 
the simultaneous shifting of multiple mutually 
spaced pulses; and, from this, the parallel output of 
said multiple mutually spaced pulses from the out- 
put terminals of each stage of said shift register for 
the purpose of determining the operation timing of 
the circuits composing said data line driving circuit. 

2. The liquid crystal display device of claim 1 , charac- 
terized by said data line driving circuit having multi- 
ple switch circuits corresponding to each data fine 
for sampling of video signals; 

and each of said multiple pulses being used 
to determine the sampling timing of video signals by 
each of the multiple switch circuits. 

3. The liquid crystal display device of claim 2, charac- 
terized by multiplexing of said video signal in pro- 
portion to the number of multiple, mutually spaced, 
parallel pulses. 

4. The liquid crystal display device of claim 3. charac- 
terized by having a total number of said multiple, 
mutually spaced, parallel pulses of N (N is a natural 
number of two or greater); 

and, haying said multiple switch circuits 
divided into a total of N groups in which each group 
is comprised of M (M is a natural number of two or 
greater) switch circuits; 

and, having N video signal input lines for the 
purpose of inputting the said video signal in which a 
single group of said M switch circuits is connected 
in common to a single video signal line. 

5. The liquid crystal display device of claim 1 , charac- 
terized by said data line driving circuit having a 
latch circuit which temporarily stores the digitized 
video signal and this latch circuit having at least as 
many bits as the number of said data fines; 

and said multiple pulses each being used to 
determine the latch timing of the video signal con- 
tained in each bit of said latch circuit. 
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6. The liquid crystal display device of claim 5, charac- 
terized by multiplexing of said video signal in pro- 
portion to the number of multiple, mutually spaced, 
parallel pulses. 

5 

7. The liquid crystal display device of claim 6, charac- 
terized by having a total number of said multiple, 
mutually spaced, parallel pulses of N (N is a natural 
number of two or greater); 

and, having N M-brt (M is a natural number io 
of two or greater) latch circuits; 

and, having N video signal input lines for the 
purpose of inputting the said video signal in which 
each of said N latches is connected to one of N 
video signal input lines. is 

8. The liquid crystal display device of claim 1 . charac- 
terized by having multiple gate circuits into which 
each output of multiple adjacent stages of said shift 
register is input, wherein each output of these gate 20 
circuits is used as the timing control signal of the 
circuits composing the data line driving circuit 

9. The liquid crystal display device of claim 8 charac- 
terized by said multiple gate circuits being an 25 
EXCLUSIVE-OR circuit. 

10. The liquid crystal display device of claim 1, charac- 
terized by having a number of gate circuits corre- 
sponding to the number of stages of said shift 30 
register and having the output of each stage of said 
shift register as an input to the gate circuits, and 
having each output of these gate circuits used as 

the timing control signal of the circuits composing 
the data line driving circuit; 35 

and, further, by inputting an output enable 
signal to each said gate circuit to stop level changes 
in the output signal of the gate circuits. 

11. The liquid crystal display device of claim 10, char- 40 
acterized by fixing the said output enable signal at a 
prescribed level during the banking period in which 

a video signal is not input, and thereby forcing the 
stoppage of level changes in the output signal of 
each said gate circuit. as 

12. The liquid crystal display device of claim 1 being an 
active matrix liquid crystal display device which 
drives each liquid crystal display pixel by means of 

a switching element; so 

and characterized by at least a some of tran- 
sistors which compose said data fine driving circuit 
being formed on an active matrix substrate using 
the same fabrication process as are used for said 
switching elements. ss 

13. The liquid crystal display device of claim 12, char- 
acterized by the fact that the transistors composing 
said switching elements and said data line driving 



circuit are thin film transistors (TFTs). 

14. A liquid crystal display device characterized by hav- 
ing individual liquid crystal display pixels at the 
intersections of scan lines and data fines and 
switching elements connected to these liquid crys- 
tal display pixels; and 

a scan line driving circuit which drives said 
scan lines; 

a data line driving circuit which drives said data 
lines; and 

an inspection signal circuit which can collec- 
tively input a signal for inspection using a first 
terminal of each of said data lines; 
and further characterized by the fact that said 
data line driving circuit has a single shift regis- 
ter having at least as many stages as the 
number of said data lines and multiple switch 
circuits which have the function of supplying a 
liquid crystal display signal by means of a sec- 
ond terminal located on the opposite end of 
each said data line as that of said first terminal; 
each switch circuit being connected to input 
lines for inputting said liquid crystal display sig- 
nal; 

and further characterized by the fact that within 
said single shift register, a single pulse is 
sequentially shifted resulting in a single pulse 
being sequentially output from the output termi- 
nal of each stage of said shift register and 
these pulses being used to sequentially turn on 
said multiple switch circuits. 

15. The liquid crystal display device of claim 14, char- 
acterized by at least some of transistors which com- 
pose said data line driving circuit being formed on 
an active matrix substrate using the same fabrica- 
tion process as is used for the switching elements 
composing said active matrix. 

16. The liquid crystal display device of claim 15. char- 
acterized by the fact that the transistors composing 
said switching elements and said data line driving 
circuit are thin film transistors (TFTs). 

1 7. A liquid crystal display device driving method for a 
liquid crystal display device having individual pixels 
at the intersections of the scan lines and data lines 
and, as an essential component of a driving circuit 
for said data lines, a single shift register having at 
least as many stages as the number of said data 
lines, 

characterized by realizing a state in which a 
single unipolar pulse is input to the input terminal of 
the shift register after each horizontal period of a 
video signal to be displayed, and, after waiting for at 
least (N-1) horizontal periods, N mutually spaced, 
parallel pulses are output from the output terminals 
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of each stage of said shift register; 

and said data lines are driven using said N 
pulses as the timing control signal for the circuits 
composing said data line driving circuit. 

5 

18. The liquid crystal display device driving method of 
claim 17, characterized by the fact that said video 
signal is made into parallel components in propor- 
tion to the number of said N multiple, mutually 
spaced, parallel pulses, io 

and further characterized by the fact that the 
clock frequency driving said shift register is 1/N or 
less of the frequency of the original video signal 
prior to being made into parallel components. 

15 

19. A liquid crystal display device driving method for a 
liquid crystal display device having individual pixels 
at the intersections of the scan lines and data lines 
and, as an essential component of a driving circuit 

for said data lines, a single shift register having at 20 
least as many stages as the number of said data 
fines and multiple EXCLUSIVE-OR circuits having 
as inputs the adjacent outputs of the multiple 
stages of this shift register; 

characterized by realizing a state in which a 25 
pulse is input to the input terminal of said shift reg- 
ister after one cycle corresponding to two horizontal 
periods of a video signal to be displayed, and multi- 
ple, mutually spaced, parallel pulses are output 
from the output terminals of each stage of said shift 30 
register; 

and said data lines are driven using said 
multiple pulses as the timing control signal for the 
circuits comprising said data line driving circuit 

35 

20. A liquid crystal display device inspection method for 
inspecting a liquid crystal display device having an 
active matrix in which individual liquid crystal dis- 
play pixels are formed at the intersections of scan 
lines and data lines and switching elements are 40 
connected to these liquid crystal display pixels; a 
scan line driving circuit which drives said scan lines; 

a data line driving circuit which drives said data 
lines; and an inspection signal circuit which can col- 
lectively input a signal for inspection using a first 45 
terminal of each of said data lines; wherein said 
data line driving circuit has a single shift register 
having at least as many stages as the number of 
said data lines and multiple switch circuits which 
have the function of supplying a liquid crystal dis- so 
play signal by means of a second terminal located 
on the opposite end of each said data line as that of 
said first terminal; each switch circuit being con- 
nected to input lines for inputting said liquid crystal 
display signal; wherein 55 

by means of input circuits for said inspection 
signal, said inspection signal is input at the first ter- 
minal on each said data line; 

and while maintaining such an input state, a 



single pulse is sequentially shifted within said single 
shift register, and, accordingly, single pulses are 
sequentially output from the output terminals of 
each stage of said shift register, and these pulses 
are used to sequentially turn on said multiple switch 
circuits, and, as a result, said switch circuits turn on 
sequentially, and consequently said inspection sig- 
nal sent from one terminal of said data lines is 
received through said switch circuits and said input 
lines for inputting said liquid crystal display signal 
and inspection of the electrical characteristics of 
said data lines and said switch circuits is per- 
formed. 

21. Hie liquid crystal display device inspection method 
of claim 20, characterized by the fact that when a 
specific data line and the switch circuit correspond- 
ing to said data line are inspected, the dock supply 
to said shift register is stopped; and, accordingly, 
only said specific switch circuit is on and inspection 
of said specific data line and corresponding switch 
circuit is performed. 
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